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A B S T R A C T
Green synthesis of silver nanoparticles (AgNPs) is already widely used, however, it presents challenges. This
work describes a way to modulate the physicochemical characteristics of AgNPs using green synthesis and
aqueous extract from different parts of Handroanthus heptaphyllus. The progress of the synthesis reaction, the
physicochemical characteristics, and the biological activity against Escherichia coli and Staphylococcus aureus of
the AgNPs were evaluated. Aqueous extracts of the vegetative parts of the plant synthesized AgNPs with higher
hydrodynamic diameters, lower colloidal stability and antibacterial activity to lower concentrations when
compared to the reproductive parts. Pyramidal and cubic forms of AgNPs were also found when using vegetative
parts. For higher production of AgNPs with smaller hydrodynamic diameters, and greater stability it is advisable
to use reproductive parts. Otherwise, for larger hydrodynamic diameters, lower stability and higher antibacterial
activity, the use of vegetative parts is recommended aiming to produce AgNPs.
1. Introduction
Nanotechnology is a branch of the knowledge that contributes with
innovative solutions to many areas, such as medicine, agriculture, and
food supply, several industrial sectors, and others by developing out-
standing nanomaterials such as metal nanoparticles (MNPs) [1–3]. A
nanomaterial has some properties which occur only in nanoscale and
may benefit its application. Reducing the size and proportionally in-
creasing the surface contact area can facilitate the sustained delivery of
active compounds [4], allow the quantification of pesticides used in
farming [5], and increase the antimicrobial potential [6].
One of the most used applications of MNPs, like silver nanoparticles
(AgNPs), is based on a broad spectrum of antimicrobial activities at low
concentrations and facile synthesis routes. However, the full mechan-
isms of action of AgNPs are still not very well-established, and at least
one mechanism widely accepted is that released silver ions interact
with cellular components of a microorganism leading to cell death [7].
Generally, researchers use the chemical approach for the synthesis of
AgNPs. Nonetheless, this strategy generates potentially harmful
residues and requires the use of a chemical reagent for reduction and
another for the stabilization of the AgNPs. On the other hand, a green
synthesis is an eco-friendly approach, feasible as a one-step method,
and also it is necessary only a biological material and silver ions (Ag+)
[8]. Among the many biological resources possible to perform the green
synthesis, plant parts are the most used. In fact, green synthesis of
AgNPs using Coffea arabica seed extract showed that the hydrodynamic
diameter of nanoparticles can be altered with AgNO3 concentration
variation, as well as its antimicrobial activity [9]. In another study by
using green tea it was also possible to obtain antimicrobial AgNPs, but
they were not biocompatible and the authors suggested that the na-
noparticles could be further coated with polyethylene glycol (PEG)
[10]. Still another study using aqueous extract of Calotropis procera
flowers demonstrated the formation of cubic and rectangular nano-
particles [11]. Despite the fact that several plant parts can be used for
green synthesis of AgNPs, the most commonly used parts of the plants
are still are the leaves, due to the ease of collection of this botanical
material and the amount available [12]. Among hundreds of others, a
recent study [13] showed the use of Combretum erythrophyllum leaf
https://doi.org/10.1016/j.colcom.2019.100224
Received 1 August 2019; Received in revised form 18 November 2019; Accepted 6 December 2019
⁎ Corresponding author at: Embrapa Genetic Resources and Biotechnology, Laboratory of Nanobiotechnology (LNANO), Brasília 70770-917, DF, Brazil.
E-mail address: luciano.paulino@embrapa.br (L.P. Silva).
Colloid and Interface Science Communications 34 (2020) 100224
2215-0382/ © 2019 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).
T
extract as a silver nitrate reducing agent demonstrated the formation of
AgNPs with antimicrobial activity.
The mechanism of antimicrobial action of AgNPs is not yet well-
understood. There are some hypotheses that suggest their routes of
action. The main theory is that AgNPs may interact with bacterial
membrane proteins that contain exposed sulfur moiety causing it to
leak intracellular content causing damage to the bacterial respiratory
chain, accumulation of reactive oxygen species (ROS), and even direct
DNA molecules damage [14]. An advantage of using green synthesis is
that phytochemicals can form a stabilizing layer around AgNPs and
they can enhance the antimicrobial activity [15].
The reproducibility of the physicochemical characteristics of nano-
materials produced by green synthesis routes is commonly very difficult
since the metabolites responsible for the reduction of metal ions are
very variable in plants [16]. Additionally, green synthesis makes it
difficult to modulate the final characteristics of the AgNPs. Therefore,
we hypothesized that by using several different parts to make the
synthesis of AgNPs using the same plant species and specimen, can lead
to the understanding of more specific characteristics and even achieve
the physicochemical and also biological modulation, as it could be
expected different formation yields, variable sizes/shapes, and a spe-
cific range of antimicrobial activities of particles. Therefore, the present
study aimed to use different parts, both reproductive and vegetative, of
the pink trumpet tree Handroanthus heptaphyllus, a deciduous tree na-
tive to South America, to synthesize AgNPs by a green synthesis route.
2. Materials and methods
2.1. Preparation of parts and extracts from H. heptaphyllus organs
Botanical materials were collected in an urban area of Brasília-DF
(Brazil) according to the license numbers (CGEN: 02001.007580/
2014–95 and SISBIO: 57671–1). Fig. 1 illustrates the plant parts sepa-
rated into flowers (L), floral buds (B), petioles (P), and five leaflets (F1,
F2, F3, F4, and F5). All plant parts were washed using 0.1% Extran® for
2 min. The parts were cut about 5 mm2 and boiling water was added
until the concentration of 100 mg/mL was reached following incuba-
tion during 2 min under ebullition. Finally, the aqueous extracts were
passed through filter paper with particle retention from 4 to 12 μm.
2.2. Syntheses of AgNPs
The suspensions of AgNPs were produced at 1 mM final
concentration of silver nitrate (Plat-Lab, Brazil) in type I (ultrapure)
water obtained using a Master System All ultrapurifier (Gehaka, Brazil)
and 1 mg/mL of H. heptaphyllus aqueous extracts. Thus, each extract
Fig. 1. Photographs of the parts of H. heptaphyllus that were used for synthesis
of AgNPs, from left to right, floral buds (B), petiole segments (P), flowers (L),
and composite leaf. The leaflet 1 being the lower left and the leaflet 5 the lower
right, following in order (F1, F2, F3, F4, and F5). The black bar represents
exactly 10 cm.
Fig. 2. Biosynthesis and characterization of AgNPs produced by extracts of
leaflets (F1, F2, F3, F4, and F5), floral buds (B), flowers (L), and petiole seg-
ments (P) from H. heptaphyllus and silver nitrate (SN) solution as control. a)
Formation monitoring of AgNPs by absorbance spectroscopy at 450 nm wave-
length, with readings every 30 min for a period of 180 min that demonstrate an
increase in absorbance over time. b) Absorption curve of AgNPs diluted 10
times in water and monitored from 350 to 550 nm wavelength, where the tri-
angles assign the absorption peak of each sample. c) Determination of hydro-
dynamic diameter of AgNPs diluted 10 times in water obtained by dynamic
light scattering (DLS) in number (%).
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was used as silver bioreducing agent, transforming Ag+ ions to Ag0.
The chemical reduction reaction was carried out in a water bath at
50 °C. Monitoring of AgNPs formation was read at 450 nm on a spec-
trophotometer (Q898U, Quimis, Brazil) every 30 min for 180 min.
2.3. UV–Vis spectrophotometric analysis
UV–Vis analyses were performed on the aqueous suspensions di-
luted 10 times in ultrapure water. The absorptions were scanned over
the 350–550 nm wavelength range on a spectrophotometer (Quimis,
Brazil) using a 1 cm path length plastic cuvettes.
2.4. Dynamic light scattering and zeta potential analyses
AgNPs samples were diluted 10 times in ultrapure water before each
analysis. Hydrodynamic diameters (HD) and polydispersity indexes
(PdI) were acquired by dynamic light scattering (DLS), and the surface
charge by Zeta potential (ZP) both on the equipment ZetaSizer Nano ZS
(Malvern, UK). DLS analyses applied an angle of 173° using HeeNe
laser (4 mW) operating at 633 nm. Three measurements of each sample
were obtained at 25 °C. DLS measurements were performed auto-
matically and ZP measurements were acquired in manual mode with 20
readings for each replicate.
2.5. Atomic force microscopy
AgNPs shape and size (height) were evaluated by atomic force mi-
croscopy (AFM) operated in air ambient at 22 °C using an equipment
SPM-9600 (Shimadzu, Japan). Firstly, the samples were deposited onto
freshly cleaved muscovite mica surfaces. Then, the images were ac-
quired in phase mode with scanning in XY directions ranging from
0.635 to 40 μm at a scan rate of 1 Hz, using conical silicon tips in-
tegrated with rectangular cantilevers with a resonance frequency of
250–300 kHz. Finally, the SPM-9600 offline software was used to cor-
rect the planes and X-axis tilts and measure the particles present in the
images. Dry diameters of the AgNPs were determined with a count of at
least 250 particles for each sample. The data were normalized using
percent to represent the population reliably to which it was counted.
The interpolation was obtained according to the Gaussian function with
the aid of the OriginPro 8 software.
2.6. X-ray diffraction
About 10 mL of AgNPs produced from different plant parts (F4, B, L,
and P) were frozen overnight at −40 °C. Thereafter, the samples were
placed in a freeze drier (Terroni AISI 304, Brazil) for about 32 h until
they become a powder. To obtain the spectra, dried samples were
resuspended with isopropyl alcohol to facilitate deposition on the si-
licon sample support. Samples were then allowed to dry at room tem-
perature and the sample support was placed in a MiniFlex 600 (Rigaku,
Japan) equipment with X-ray generator operating at 40 kV/15 mA and
CuKα radiation selected by a graphite monochromator. Data were
obtained in a 2θ scanning range from 25° to 80° with a step size of
0.05° (2θ).
2.7. Raman spectroscopy
A stainless-steel welled plate was used so that silver nitrate (AgNO3)
and colloidal suspensions of AgNPs were applied. The wells of the plate
were deposited with 15 layers of 1 μL of samples and control (AgNO3)
and for application of the following layer the previous one was com-
pletely dried. Materials were stored in a desiccators containing in-
dicator silica gel until the moment of use. Analyses were performed
using an Alpha 300 RA confocal Raman microscopy (WITec, Germany)
powered with a TOPTICA diode laser module SYS XTRA 785 nm and
300 mW. All samples and control were analyzed under the conditions of
single spectrum acquisition mode using 100× objective lens, 785 nm
filter, CCD camera at temperature of −60 °C, time of integration of
0.2 s, and with a number of 100 accumulations. At least 8 points of each
sample were analyzed and they were averaged to generate the final
spectrum.
2.8. Minimum inhibitory concentration of AgNPs to control the growth of
bacteria
Colonies isolated from Escherichia coli ATCC 8739 and
Staphylococcus aureus ATCC 25923 were inoculated into Luria-Bertani
liquid broth (LB, Sigma Aldrich, USA) medium, separately, and main-
tained at 37 °C, 120 rpm overnight. After this, the culture media with
the bacteria were diluted in liquid LB medium until the optical density
(OD 650nm) of 0.050. To test the antibacterial activity of the AgNPs
against E. coli, the concentrations of the samples used were 75, 50, 25,
and 12.5 μM (12.75, 8.50, 4.25, and 2.12 mg/L respectively). For the S.
aureus assays, the concentrations of the samples used were 300, 200,
100, and 75 μM (50.96, 33.97, 16.98, and 12.75 mg/L respectively). As
a positive control, ampicillin was used at the concentration of 100 μg/
mL for E. coli and 200 μg/mL for S. aureus, and as a negative control
only distilled water. Controls of all plant extracts and AgNO3 were used
at the same equivalent concentrations as that present in AgNPs.
Readings of the optical densities were obtained at 650 nm at the mo-
ment in that the bacteria were applied to the microplate and thus in-
cubated under 37 °C stirring at 120 rpm for 5 h and the second round of
optical density readings after this incubation time. The percentage in-
hibition was calculated by using the formula: % Inhibition = OD of
culture with sample/ OD of culture with water × 100.
2.9. Statistical analyses
In order to compare the means and the statistical significance be-
tween the physicochemical characteristics of the synthesized AgNPs
and the antimicrobial activity tested in triplicate, statistical analyses
were performed by Analysis of Variance (ANOVA) with a later test to
compare the means, Tukey test, the differences between the means
were considered statistically significant when p < .05. PAST 3 soft-
ware [17] was used.
3. Results and discussion
3.1. UV–V is spectral analysis
Monitoring of the reactions by spectrophotometer readings at
450 nm showed almost stabilization phase of the formation curve of
AgNPs with all types of botanical materials (vegetative-V and
Table 1
- Characterization of AgNPs synthesized using different botanical materials
from H. heptaphyllus with their average values± standard deviation of poly-
dispersity index and surface Zeta potential.
Plant parts Polydispersity index Zeta potential (mV)
F1 0.466 ± 0.052 −21.4 ± 0.7
F2 0.411 ± 0.068 −24.2 ± 7.4
F3 0.515 ± 0.113 −22.1 ± 2.6
F4 0.446 ± 0.066 −22.5 ± 1.0
F5 0.411 ± 0.034 −19.4 ± 5.1
P 0.466 ± 0.026 −21.1 ± 1.8
L 0.282 ± 0.008 ⁎ −29.5 ± 0.6 ⁎
B 0.383 ± 0.007 −25.6 ± 0.4
Statistical analysis ANOVA with Tukey's pairwise comparisons (p < .05). The
statistical test was applied to each characteristic separately. For the poly-
dispersity index the * means that the sample was statistically different from F1,
F3, F4 and P. For Zeta potential the * means that it was statistically different
from F5.
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reproductive-R parts), as shown in Fig. 2a. The signals (absorbance)
were relatively more intense for AgNP-R when compared to AgNP-V
samples. This could happen because reproductive parts contain abun-
dant antioxidant molecules which are responsible for attracting polli-
nators offering nutritive value to the nectar, coloring, and aroma. In
fact, plants are known to present secondary metabolites in higher
concentration in reproductive organs [18].
According to the literature, several species have specific alkaloid on
the floral buds that increase nectar concentration and make pollen
formation [19]. In flowers, there is also a higher concentration of al-
kaloid transport proteins, which in addition to increasing the
concentration of other secondary metabolites in this organ, also facil-
itate its reproductive function [20], and we can hypothesize that these
compounds can take part in the green synthesis process aiming the
production and stabilization of AgNPs.
3.2. Absorption curve, hydrodynamic diameter, polydispersity index, and
Zeta potential analyses
In UV–V is spectra, surface plasmon resonance (SPR) peaks confirm
the formation of AgNPs. As shown in Fig. 2b, AgNPs-R (flowers and
floral buds) had a peak of absorbance at 450 nm, whereas AgNPs-V
Fig. 3. Atomic force microscopy images of AgNPs synthesized by aqueous extracts of H. heptaphyllus. The topographic images of height (left) and phase-viscoelastic
(right) presented in corresponding pairs were acquired in dynamic-phase mode, with a resolution of 512 × 512 lines and scan rate of 1 Hz. Each representative image
refers to one of the acquired images totalizing approximately 250 AgNPs measured, of which the height value is represented by the histograms. a)-b) Images showing
AgNPs with different sizes and shapes synthesized using flowers (L) extract. c) Image showing AgNPs in various shapes and sizes, being coated by a layer of
components present in the aqueous extract of L. d) Histogram with relative number of particles formed by aqueous extract of L, fitted to Gaussian function. e)-f)-g)
Images showing AgNPs with different sizes and shapes synthesized using leaflet 4 (F4) extract. h) Histogram with relative number of particles formed by aqueous
extract of F4, fitted to Gaussian function.
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from leaflets 1, 3, 4, and 5 had their absorbance peak at 440 nm,
whereas AgNPs-V from leaflet 2 showed a peak at 430 nm, and AgNPs-V
from petiole showed a peak at 420 nm. These differences in SPR peaks
may have occurred due to some change in the sizes and/or shapes of
AgNPs [21] that was further confirmed by microscopic evaluation. In
Fig. 2c, the presence of two distinct clusters of AgNPs can be observed
showing that HD values were lower for AgNPs-R (~10 nm) than for
AgNPs-V (~40 nm). This fact reinforces the hypothesis that there are
different metabolites composition and/or quantity in these parts [18]
which may contribute differentially to the synthetic process. In addi-
tion, there is evidence from other authors that increasing the con-
centration of reducing agents causes a decrease in the HD of the formed
AgNPs [22,23], suggesting that there is a greater concentration of re-
ducing agents in the aqueous extract that formed AgNPs-R and there-
fore there was also a higher formation of AgNPs using extracts from
these organs (Fig. 2a).
According to Table 1, Zeta potential of all AgNPs showed incipient
colloidal stability according to the ASTM [24], but there was a statis-
tically significant difference between AgNPs-R and AgNPs-V since the
first group presented a higher value in the module than the second
(P < .05). This suggests that AgNPs-V has a higher agglomeration
tendency than AgNPs-R. The polydispersity indexes showed moderate
values in AgNPs-V (0.411 to 0.515), which indicates the presence of
varied sizes and forms, reinforcing what was shown in the UV–Vis
spectrum and further confirmed by microscopic evaluation. Poly-
dispersity index also shows a statistically significant difference between
the two groups according to plant parts, with AgNPs-R having a slightly
lower PdI value (0.282 and 0.383) than AgNPs-V (P < .05).
Evaluating these significant differences between the two groups
(P < .05), it was observed that there was a trend of formation of
smaller, more homogeneous, and more stable structures in those AgNPs
synthesized using the aqueous extracts of reproductive parts when
compared to vegetative parts of H. heptaphyllus. For confirmation of
such observations, an evaluation of the shape and dry diameter (height)
by atomic force microscopy was necessary, allowing the understanding
of this scenario.
3.3. Atomic force microscopy
As seen in the previous topics, there were expressive differences
between the two groups of biological resources used to produce AgNPs-
R (floral buds and flowers) and AgNPs-V (leaflets 1 to 5 and petiole),
but also it pointed that there were similarities within each group, and so
only AgNPs from one plant part of each group was analyzed by AFM. To
this end, AgNPs-R produced with aqueous extract of flowers and AgNPs-
V produced with aqueous extract of the leaflet 4 were used to these
AFM analyses to represent reproductive and vegetative parts, respec-
tively.
It can be seen in Fig. 3a, b, and c that AgNPs-R showed pre-
dominantly spherical shapes. It is also possible to note, in Fig. 3c, the
presence of a slight coating layer reinforcing the observation that there
is a coating formed by metabolites stabilizing the AgNPs core and
corroborating the higher ZP in samples of this group.
In Fig. 3e, f, and g, there is the presence of different shapes for
AgNPs produced with the vegetative part of H. heptaphyllus. In addition
to spherical nanostructures, there may be some metabolites that lead to
the formation of nanocubes and nanopyramids. However, these pris-
matic forms were not the largest subpopulation formed. In fact, the
number of pyramidal and cubic forms observed in imaged areas was so
small that on the dry-height distribution graph these forms appeared
insignificant. The largest population was of round nanoparticles with
about 35 nm in height. From these results, it can be observed that only
by altering the source of the botanical material, it was possible to
modulate the dry diameter in height and also to some extent the shape
of AgNPs. Additionally, the diversification of morphologies observed
particularly for AgNPs-V justifies the relatively high polydispersity
index values.
Fig. 3d (AgNPs-R) and Fig. 3h (AgNPs-V) show that the dry dia-
meters (height) are different, as previously reported for HD, reinforcing
again the possible presence of a higher concentration of reducing me-
tabolites in the reproductive parts.
The largest subpopulation of AgNPs-V had a dry diameter of about
35 nm and the largest subpopulation of AgNPs-R had a dry diameter of
about 15 nm in height. Indeed, current microscopic results corroborate
that there was a trend of formation of smaller AgNPs in reaction green
synthesis using aqueous extracts of the reproductive parts when com-
pared to vegetative parts.
3.4. X-ray diffraction
For X-ray diffraction (XRD) analysis, all AgNPs biosynthesized from
aqueous extracts of petioles, floral buds, and flowers from H.
Fig. 4. Characteristic peaks of AgNPs produced using different aqueous extracts
of H. heptaphyllus, observed by X-ray diffraction. To obtain the data, the samples
were previously lyophilized. All peaks obtained in a 2θ scanning range from 25°
to 80° demonstrating the peaks of silver chloride and peaks of silver (Ag).
Fig. 5. Characteristic peaks of AgNPs produced using different aqueous extracts
of H. heptaphyllus and control observed by Raman spectroscopy. All spectra
were acquired as single spectrum using 100× objective lens, time of integration
of 0.2 s, and a number of 100 independent accumulations. Each spectrum is the
average of 8 measured points.
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heptaphyllus were used separately, except for the leaflets, whose sample
consisted of a mixture of syntheses performed with all the leaflets.
Fig. 4 shows the X-ray diffractograms of AgNPs biosynthesized using
aqueous extracts of petioles, floral buds, flowers, and a mixture of all
the syntheses of the leaflets from H. heptaphyllus. For all the patterns,
the characteristic XRD peaks at 38.2°, 43.30°, 67.50°, and 77.25°, re-
spectively corresponding to the lattice planes (111), (200), (220), and
(311) of the face-centered cubic (fcc) structure of Ag (JCPDS file:
65–2871) confirmed the formation of metallic silver [25,26]. Ad-
ditionally, the mean crystallite size of AgNPs was calculated using
Scherrer's formula from the most intense diffraction peak (111) [27].
The average crystalline diameters of 19.1 nm, 8.6 nm, 29.0 nm, and
11.8 nm for floral buds (B), leaflets (F), flowers (L), and petioles (P),
respectively, also corroborated the obtaining of nanosilver materials.
However, conjoint of peaks at 32.2° (200), 45.3° (220), and 54.9° (311);
and 57.8° (222), 67.4 (400), 77.5 (331), and 76.5 (420) were also
identified and corresponded to the lattice planes of the face-centered
cubic (fcc) structure of AgCl crystal (JCPDS No. 31–1238) [28,29]. The
formation of AgCl is possibly due to the very favorably reaction of Ag+
with chloride ions present in the plant extracts and have also been
identified in the state of the art of green synthesis literature using other
aqueous plant extracts [30]. Also, other unassigned peaks appearing in
the diffractograms may be due to the bioorganic compounds at the
surface of the AgNPs and/or organic compounds in the leaf extracts
[31].
3.5. Raman spectroscopy
In Fig. 5, the Raman spectra show a band at 240 cm−1 that has
already been demonstrated in other research papers describing the
green synthesis of AgNPs. This band probably indicates the formation of
AgeN bonds [32,33] and/or AgeO bonds [34,35]. Another recurrent
peak in all the samples occurred at 1042 cm−1, and it is characteristic
and indicates the presence of the expected NO3− [36] ion in the sam-
ples, since the silver salt precursor used in the present study was
AgNO3. In the metal salt (control), it was observed a differential peak
from all the other samples that occurred at 798 cm−1. The closest peak
that could be related to this unassigned peak is 791 cm−1 that can be
assigned as an out-of-plane folding of the AgNO3 NeO [37]. Anyway,
the most relevant finding obtained from Raman spectra analyses is that
there were intensity and noise differences between the vegetative
(higher signal and lower noise) and reproductive spectra (lower signal
and higher noise) and that they were also different from the salt metal
control.
3.6. Minimum inhibitory concentration assays
The AgNPs antibacterial activity against E. coli showed that the
minimum inhibitory concentration (MIC) was 75 μM (12.75 mg/L) in-
dependent of the part of the botanical material used as a silver nitrate
reducing agent, as can be seen in Fig. 6. Besides, all concentrations of
control extracts were statistically similar to the negative control.
Otherwise, for S. aureus, a differential response was obtained according
to the botanical material used. The AgNPs synthesized with leaflets 1, 2,
4, and 5 showed the highest antibacterial activity, with MICs of 100 μM
(16.98 mg/L); those synthesized with flowers showed MIC of 300 μM
(50.96 mg/L); and those produced with leaflets 3, floral buds, and pe-
tioles showed no antimicrobial activity, as can be seen in Fig. 6b.
It can be seen that the leaflets had antibacterial action in lower
concentrations against S. aureus than the other parts, only F1, F4, and
F5 in the concentration of 75 μM (12.75 mg/L) did not have anti-
bacterial action equal to the positive control. For the other parts, the
lowest antibacterial concentration that matched the positive control
was 200 μM (33.97 mg/L). These differences may be related to the
concentrations and types of metabolites present in each part of the
leaves [38]. The secondary metabolites that are responsible for the
stabilization of AgNPs-V should offer less stability to AgNPs, as already
demonstrated in topic 3.2, making the silver be released more easily
from AgNPs causing this more pronounced antibacterial activity when
using an aqueous extract of the leaves for the synthesis.
The mechanism of action of AgNPs towards bacteria is not yet well-
established. Two main theories of their mode of action are: membrane
disruption, when AgNPs interact with membrane proteins leading to
increased permeability and consequently disruption and extravasation
of intracellular content; and another theory is the production of ROS,
and this happens when AgNPs interact with thiol group and ROS pro-
duction leads to inhibition of respiratory enzymes and, consequently,
death [39].
4. Conclusion
AgNPs were obtained by green synthesis routes from aqueous ex-
tracts of both vegetative (petiole and leaflets) as well as reproductive
(flower and flower bud) parts of H. heptaphyllus. It was possible to find
some specific characteristics of the plant that led to the modulation of
physicochemical properties of AgNPs such as diameter and ZP, and
even to the alteration of the antimicrobial potential. So, if the intention
of the green synthesis route is to produce larger amounts of AgNPs with
smaller sizes, reproductive organs like floral buds and flowers would be
Fig. 6. Antimicrobial activity of different concentrations of AgNPs obtained by green synthesis using aqueous extracts of H. heptaphyllus. Control of silver nitrate
solution control (SN). For negative control water was used and for positive control the antibiotic ampicillin. Bars marked with the same symbol have equal or less
action than the positive control. Statistical analysis ANOVA with Tukey's pairwise comparisons (p < 0,05). Same symbol indicate statistically similar results. a)
Results of minimal inhibitory concentration of AgNPs against E. coli. b) Results of minimal inhibitory concentration of AgNPs against S. aureus. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)
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recommendable. Otherwise, if the reaction intends to synthesize larger
AgNPs, vegetative organs (leaflets and petioles) are recommended.
However, if a greater antimicrobial action of AgNPs is desired, one may
look for newer vegetative organs since more recent leaflets produced
AgNPs with highest antibacterial activity. In addition, analysis of the
maximum absorption peak showed that all synthesized AgNPs had a
maximum peak close to 440 nm indicating the formation of nanos-
tructures as confirmed by hydrodynamic diameter of about 10 nm for
AgNPs derived from reproductive part extracts and close to 40 nm from
those produced using extracts from vegetative parts. The final goal of
this work was to demonstrate the size and shape of AgNPs can vary
when synthesized with different plant parts. AgNPs produced with re-
productive parts had their dry diameter close to 15 nm and showed oval
shapes, while AgNPs produced with vegetative parts had their dry
diameters close to 35 nm with pyramidal and cubic shapes in addition
to the vast majority of spherically-shaped AgNPs. Anyway, all AgNPs
showed antimicrobial activity against E. coli and S. aureus. Thus, the
present study showed that there are peculiarities within some plant
parts chosen for the green synthesis of AgNPs and such aspects must be
considered since they could modulate the physicochemical and even
their biological effects.
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